(Submitte(d for lpublication June 6, 1955 ; accepted August 3, 1955) The use of enzyme inhibitors on cardiac tissue has permitted a better understanding of the relationship between derangements of metabolism and function. The metabolic and physiologic actions of iodoacetate (IAA) have been reported by a number of investigators (1) (2) (3) (4) . In low concentrations IAA has been shown to act as a specific inhibitor of triosephosphate dehydrogenase therebv blocking the glvcolytic process (5, 6) . This is in contrast to its reported action as a general sulfhvdrvl inhibitor when relatively higher concentrations are employed (6, 7) . Studies with C14 labeled pyruvate (8) have show-n that the addition of 10-3 and 10-i M IAA reduces the pyruvate utilizationi (66 per cent) in heart slices w-ithout affecting oxygen consumiption wN-hereas greater amounts depress both oxygen consuml)tion and pyruvate disappearance.
Earlier studies oIn the physiological effects of IAA have demiionstrated a (lepression of contractility and spontaneous rate of isolated rabbit and frog auricles (2, 3) . In a recent study on Figure 1 . stilfhvdrvl inhibitor which is the case with concentrations in excess of 10-3M (6, 7) . The observations were extended over a relatively long period ( 1 to 3 hours) in contrast to some of the earlier experiments (2) . The most striking finding in this series was the similar (legree of susceptibilitv of the electrical and mechanical properties to the action of IAA (Table I ). The alterations in mechanical activity xN-ere usually parallelled by changes in the electrical potential, the most prominenit of which was enhanced repolarization of the cell (shortened APd). This is at variance with the observations of Although it is probable that differential energy gradients exist for the various cardiac functions, it is difficult to explain the changes observed on the basis of quantitative differences in energy requirements. The fact that the repolarization phase of the action potential was influenced at approximately the same time as the cardiac output and stroke volume and at times preceded the latter argues strongly against Gardner, Wilson, and Farah's explanation. It is possible that under the conditions of our experiments, IAA does not act solely on energy pathways and the early modifications of the electrical potential may be due to a direct effect on the membrane per se. It is significant that Reilly, Riker, Whitehouse, and Kuriaki (12), using methyl fluoroacetate (MFA) on the papillary muscle of the cat, also observed that those events associated with the electrical restorative processes of the fiber are profoundly altered, as are the effects on the contractile mechanism. The continued interference with repolarization by MFA led to a decay in the contractile mechanism and eventually to conductive failure. Of added interest was the observation that stronger antioxidative agents like cyanide, disrupted both the mechanical and electrical events simultaneously and quite rapidly. The experiments of Reilly, Riker, Whitehouse, and Kuriaki (12) and our own, using MFA and IAA respectively, indicate that alterations of repolarization are usually associated with a change in contractility. To demonstrate this it is essential to measure all components of the electrical and mechanical phases of cardiac activity.
Our results with the substrates, pyruvate and acetate, are contrary to those of Chang (2) who reported that pyruvate and other metabolic intermediates completely reversed the effects on contractility and spontaneous rate caused by iodoacetate. On the other hand, Gardner, Wilson, and Farah (4) observed that recovery by these substrates could be demonstrated only with short exposures to iodoacetate and even then were not as striking as shown by Chang. With longer exposures, as was employed in our experiment, the metabolic intermediates were only briefly effective. The inability to counteract the IAA by these substrates suggests that an additional site of action of the inhibitor exists. The latter opinion has also been expressed by other investigators (9, 13) . It has been claimed that in relatively large doses, IAA acts as a general sulfhydryl inhibitor, whereas in low concentrations in the isolated enzyme system it has been shown to be a specific inhibitor of triosephosphate dehydrogenase. It is pertinent that Reisberg (14) , studying the effect of various sulfhydryl inhibitors on the action of cholinacetylase reported no impairment with IAA in concentrations of 5 x 10-5M or less.
The exact mechanism responsible for the enhanced repolarization phase of the trans-membrane potential observed with IAA is not known. If we accept the postulate of Hodgkin (15) that sodium permeability is principally associated with the phase of depolarization and potassium permeability with the phase of repolarization of the action potential, it is suggested that the action of IAA is associated with an enhanced permeability to potassium during cellular activity. The recent studies of Love, Cronvich, and Burch (16) Prominent changes in both the electrical and mechanical properties were observed. The most consistent and earliest of these was a shortening of the duration of the action potential (APd) and this was progressive. Coincident with this a shortened S-T interval and abnormal T wave were observed in the indirect electrocardiogram. Of lesser frequency and occurring late was a prolongation of the P-R interval. The height of the MAP slowly decreased with impaired depolarization occurring as a relatively late phenomenon. The changes in mechanical activity were represented by a progressive decrease in cardiac output and stroke volume. Auricular activity persisted for 10 to 20 minutes after ventricular arrest. The early alterations in mechanical activity of the ventricle were usually parallelled by changes in the repolarization phase of the action potential (shortened APd). The observation makes it difficult to ascribe quantitative differences in energy requirements to these two cardiac functions.
The addition of substrates, pyruvate (0.0055M) and acetate (0.0055M), to the IAA perfused heart produced only a partial recovery and delay of ultimate deterioration of cardiac activity. A similar result was obtained when adenosine tri-phosphate (1.0 x 10-4M) was added. Doubling the concentration of these substances did not significantly alter the results. The inability of these metabolic intermediates to restore the cardiac activity suggests that IAA has actions other than specific inhibition of triosephosphate dehydrogenase.
It is postulated that the enhanced repolarization is associated with an increased migration of K + out of the cell during its electrical activity.
